CORROSION EVALUATION* OF STAINLESS STEELS EXPOSED IN ICPP HIGH-LEVEL RADIOACTIVE WASTE TANKS I. SUMMARY
Corrosion studies were conducted on welded stainless steel Types 304L, 316, 316 ELC, and 348 and unwelded Type 304L in five different waste solutions which result from the reprocessing of nuclear fuels at the Idaho Chemical Processing Plant, ICPP» Corrosion rates were determined by evaluation of test specimens of the various stainless steels immersed in the actual waste tanks for periods of up to 19.1 years. As part of the over-all surveillance program on the ICPP Waste Tank. Farm, the corrosion of some of these tanks has been monitored at five different times. The five kinds of waste that have been produced in the plant ara (1) low-acid aluminum raffinate, (2) aluminumzirconium raffinate, (.3) second-and third-cycle raffinate, (4) stainless steel nitrate raffinate and (3) stainless steel sulfate raffinate. Maximum rates of Q.I mil per year were observed on Type 304L and 348 stainless steel specimens in the as-welded metallurgical condition which had been exposed to aluminum-zirconium process first-cycle raffinates at about 25°C. There is no evidence of localized attack. Thus, the cumulative 10 year corrosion loss would not exceed 1.0 mil on the wall of the waste tanks. Specimens of Type 304L and 348 stainless steels exposed to the second-and third-cycle raffinates in the as-welded metallurgical condition at about 25°C showed maximum rates of 0.006 mils per year with only minor evidence of localized attack. Spent decontaminating reagents are stored with this waste. Maximum rates for Type 316L stainless steel in zirconium-aluminum raffinate at 25°C were 0.2 nil per -1-year. Evidence of pitting and very mild interdenritic attack was observed in the weld areas of coupons that were immersed in stainless steel sulfate raffinate. These favorable observations at significant exposure times give indication of a relatively long service life for the vessels. Continual measurements of liquid level in all tanks currently in use show that no leakage has occurred from any of the tanks due to tank failure from corrosion or other causes.
II. INTRODUCTION
Because of the required long service life for waste storage tanks, a longrange program was started in 1953 at the ICFP to more firmly establish the expected life of the storage vessels in the various raffinate services. These storage vessels contain millions of curies of fission products which if released to the secondary container due to failure of a storage tank, would require prompt action to transfer the solution to a standby spare tank. Thus, continued corrosion surveillance and predictions of expected tank life based on experimental data are of primary importance in the program to store the high-level radioactive wastes in underground tanks.
The wastes stored at the Idaho Chemical Processing Plant are generated during the recovery of enriched uranium from spent reactor fuel materials.
' * '
The fuels from uhi'nh the urar.f'js ic recovered ccr.cist of s. uranium alloy «_«!= with, either aluminum, hafnium-free zirconium, Zircaloy (1.2 to 1.7 percent tinzirconium alloy), or Type 304L stainless steel cladding as well as cermet (e.g., sintered uranium oxide in a Type 304 stainless steel matrix)reactor fuels.
III. WASTE STORAGE TANKS
Because of the potential environmental hazard of storing these wastes, the philosophy has been to design a system that requires two or more safety factors to fail before any detrimental environmental effects takes place. The large 300,000 gallon tanks are designed with secondary containment furnished by a concrete vault. For those tanks in which significant decay heat is presents closed loop cooling coils are used to limit the vessel wall temperatures. The tanks are continuously monitored for waste leakage by detecting the presence of liquid in the secondary containment vaults and sampling it to determine its source.
Corrosion is monitored on a less frequent basis by withdrawing and examining coupons which were placed in the vessels prior to placing them in service. The examination of these coupons constitutes the subject of this report.
Eleven 300,000 gallon waste storage tanks are used to hold the wastes from the processing systems. The design of these tanks is shown in Figure 1 . Each tank is in a separate concrete vault. Initially, two tanks were constructed with Type 348 stainless steel. The other nine tanks are Type 304L. These tanks were erected in the as-welded metallurgical condition.
In. addition to the 300,000 gallon tanks there are four 30,000 gallon tanks which, because of their lack of secondary containment, have been removed from seryice at present. Corrosion data have been obtained on these tanks under two waste storage conditions. These four tanks are horizontal, Type 316 ELC stainless steel tanks.
Typical compositions of the wastes stored in these tanks are shown in Table 1 . The composition of the first cycle zirconium-containing raffinates is held within narrow limits to prevent precipitation of complex zirconium and aluminum fluorides during processing of these streams. Intermediate level wastes The welded hoops were fastened to circular jigs which were in turn fastened to jig support cables. The assembly was then inserted into a tank through a vessel riser, and the cable was fastened to the riser cover so as to suspend the samples at 18-, 36-, and 72-inch heights above the vessel floor. The immersion time on specimens was calculated from tank liquid level measurements.
Randomly chosen specimens were removed for examination. They w t _e decontaminated, rinsed with water and acetone, and dried. Corrosion rates were determined by weighing the pieces. A metallurgical examination was made on selected specimens.
TV camera scans were then made on portions of the outside surfaces of two of the 300,000-gallon vessels. This was accomplished by inserting a TV camera through a vault riser and then scanning the vessel cuter roof and cylindrical surfaces.
V. RESULTS
The maximum corrosion losses observed were 0.09 mils per year (mpy) on Type 304L coupons that were immersed in the 300,000-gallon waste storage tanks primarily used to store first-cycle aluminum plus zirconium raffinates. The coupons were exposed for between 7.0 years and 13.7 years at a temperature of approximately 25°C at the 18-, 48-, and 72-inch high levels. Type 348 stainless steel appeared to be slightly more resistant than Type 304L stainless steel in this service.
A microscopic examination of the 20-foot-long welded Type 348 pipe from tank Wtt-180 indicated that this specimen had been lightly etched but was free from pits or intergranular attack-An unaided-eye examination showed that a crystalline compound had deposited on the inside pipe walls.
TV camera srans show t-hat th*> outside stirfaccc of the storage, vessels temaiaed unchanged, even after over 20 years of usage. Grinding marks on welds were seen on the scans, as well as painted plate identification numbers used by the vessel fabricator.
A. Corrosion in First-Cycle Raffinate
The results of corrosion tests in the first-cycle raffinates at the 18-inch heights are given in Table 2 .
In predominately aluminum plus zirconium-type first-cycle raffinate, the average corrosion rates at 25°C after 13.3 years service on welded Type 348 and seamless Type 304L stainless steel hoops were 0.001 and 0.002 mils per year, respectively.
The waste tanks were originally designed to store only aluminum wastes. With the change in fuel processing emphasis toward zirconium clad fuels, the tanks had to be used for the storage of complexed fluoride wastes. The observed corrosion rates reflect this, in that the greater the fraction of service time in compleised fluoride service, the greater was the observed corrosion rate.
A statistically significant difference was observed in the corrosion rates between the sec of coupons that were immersed at the 18-inch height and those at the 28-and 72-inch heights in the five tanks used for storage of the firstcycle wastes. The rates observed at the lowest (18 in.) level were lower than at the higher levels. This is because the coupons remained submerged during their entire exposure time and were not subjected to liquid-vapor interfacial corrosion in the presence of the fluoride-containing solutions.
Results from microscopic examination at 20X shows that some of the coupons suffered feeble pitting attack. The pit depths observed were less than 5 mils.
The welds on fhp rnimnn? anne>ar«»H to rnmn'\a+o\y i *e9ist ths first-cycle nffinitc solutions. Metal stamped coupon identification numbers show no evidence of cracking where the metal was severely cold worked or stressed. All coupons showed evidence of the original machine tooling marks.
B. Corrosion in Second-and Third-Cycle Combined Raffinates
The results of corrosion tests in the second-and third-cycle raffinate storage tanks are given in Table 2 .
Results from microscopic examination at 20X show that welded Type 348 stainless steel tabs from WM-181 suffered very minor localized weld attack. A 40-mil deep crevice that was present as the result of fabrication on a tab that was exposed for 19.1 yaars in a second-and third-cycle radioactive storage vessel showed no detectable decay of the weld metal, Figure 3 .
All punched identification numerals were free from metallic disintegration which is an indication of die absence of stress corrosion cracking. The original machine and grinding msiif.3 could s;i*i be observed as. Che weld tabs.
Welded and seamless Type 304L stainless steel hoops were generally resistant after S.i and 14,3 years service, respectively, in 300»000 gallon Type 304L storage vessels that contained second and third-cycle raffinate. Seamless hoops were free from metallic disintegration or cracking where the metal was severely cold worked or stressed as at the metal punched identification numerals. Pits were sought for, but not found on the surfaces of either the welded or seamless hoops. The original machine marks were present on these hoops, and the identification numeral?; wexe free from metallic loss.
C. Corrosion in Cocbined Almainua-Zirconium Fluoride and Stainless Steel
gulfate First-Cycle Raffina'fce the results of corrosion rate observations on plant-test hoops that were leasersed in a 30 t Q00 gallon storage vessel that contained combined complexed fluoride -stainless steel sulfate, first-cycle raffinate at the 60-inch height are given in Table 3 . For 9.6 years, the vessel contained zirconium fluoride raffinate to which was added during the following 7.1 years, stainless steel sulfate raffinate. The corrosion rate in the blended raffinates at 25°C on a welded Type 316L hoop was 0.03 mpy.
A microscopic examination at 20X shows that the as-welded hoop suffered no intergranular attack in the wrought metal areas, nor interdendritic attack in the welds, and the absence of general metal decay at notches that were created at the weld-wrought interface by inadequate penetration of the weld deposit. However, even after 9.6 years exposure in zirconium fluoride plus 7.1 years exposure in the blended raffinates, the original machine marks were present, and no evidence of stress-corrosion-cracking was found. Figure 4 is a photomicrograph of the weld-wrought interface exhibiting a crevice, in which no evidence of accelerated corrosion can be observed.
D. Corrosion, in Stainless Steel Suliate First-Cycle Raffinate
Corrosion rate observations on five plant-test hoops and an ll/16-inch thick weld tab that were immersed in a 30,000 gallon storage vessel that contained stainless steel sulfate first-cycle raffinate are given in Table 3 .
After exposure for 11.5 years in the stainless st^al sulfat?. waste storage vessel, the average general corrosion on Type 316L stainless steel was 0.009 mpy.
Microscopic examination at 20X shows very mild interdendritic attack on welds and intergranular attack 'on the wrought surfaces of welded hoops and the weld tab after immersion in the 30,000 gallon storage vessel that contained only stainless steel sulfate raffinate. This attack occurred at crevices that were created at the weld-wrought interface by inadequate penetration of the weld deposit. As seen in Figure 5 , the presence of metallic decay was absent. However, the original machine marks on the coupons were present, and no evidence of stress-corrosion cracking was found.
E. Corrosion Comparisons of ICPP Raffinates
The corrosion rates of the various stainless steels used for the fabrication of the high level waste tanks are shown as a function of time for service in similar wastes in Figures 6 and 7 . The corrosion ratas for Types 304L, 316 ELC and 348 stainless steels in first-cycle waste are shown in Figure 6 . A similar plot ( Figure 7 ) displays the corrosion rate variation for Types 304L and 348 stainless steel coupons after their immersion in combined second-and third-cycle raffinates.
In the high level first-cycle waste Type 348 stainless steel appears to be more resistant than Type 304L. In all cases the average corrosion rate is seen to decrease with time. This is probably due to increasing passivation of the steel with time.
VI. CONCLUSIONS
(1) There is no evidence to indicate that any of the waste storage tanks at the ICPP have ever leaked.
(2) A maximum average corrosion rate of 0.1 mpy was observed on four welded Type 3Q4L stainless steel specimens which were exposed in blended firstcycle aluminum and zirconium raffinate at about 25°C for 8. A crevice in a Type 348 stainless steel weld tab that was fornied by Inadequate penetration of the weld deposit which shows no detectable weld netal decay after 19.1 years exposure in second-cycle radioactive raffinate storage service. Crevice-created at the weld-wrought interface by inadequate penetration of weld deposit on a Type 316L stainless steel hoop alter 9.6 years and during the following 7.1 years stainless steel sulfate raffinates. No detectable grain boundary attack is seen in the crevice.
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200X
Figure 5
Weld-wrought interface showing no detectable interdendritic nor intergranular attack in a weld/wrought crevice, on a "iype 316L stainless steel tab after 11.5 years exposure in stainless steel sulfate radioactive raffinate. Average corrosion of stainless steels in combined second-and third-cycle raffinates
